found in wild rye forms. Determination of the phylogenetic relationships among taxa of wild and cultivated species will facilitate transfer of the genes encoding these traits to the cultivated species.
Ribosomal DNA sequences are often used in phylogenetic studies. The ITS sequences (internal transcribed spacer) and IGS (intergenic spacer), which can reveal more genetic variations, are widely used for classification and identification at the species levels and higher [15, 16, 17] . What is more, IGS sequences, which are characterized by the fastest pace of evolution, can provide more detailed data than ITS sequences. IGS length polymorphism caused by a number of repetitions is a common phenomenon in plants.
Research on intergenic regions, such as IGS, show that they evolve rapidly and that significant similarity can be established only in very closely related organisms. This does not necessarily mean that these areas are poorly suited to evolutionary analysis. Indeed, the comparison of these sequences may play a very important role in the study of variability within populations, as well as revealing differences among subspecies and very closely related species. However, a comparative analysis of noncoding sequences originating from the genomes of closely related species allows for the identification of sequence motifs showing similarity that is significantly greater than average. It is therefore a useful method for discovering new, previously unknown regulatory motifs.
Sequencing and characterization of the structural IGS has been performed on many plants except for rye. Due to the unavailability of sequences of rye primers for IGS regions, wheat IGS [18, 19] were used instead. The primers were designed based on the sequences of IGS regions of barley (accession number in the gene bank: (AF147501), wheat (X07841), and maize (X03990).
Experimental Procedures

Materials
Plant material. The plant material consisted of cultivated and non-cultivated rye, representing four species and five subspecies of rye genus ( Table 1 ). The material was obtained from several world collections (Center for Biological Diversity Conservation in Powsin -Warsaw, 
DNA extraction and amplification
Nineteen probes of genomic DNA were isolated from 10 randomly chosen fresh leaves of 6 to 7-day-old plants.
The leaves were ground with liquid nitrogen, producing ~100 mg of fine powder. Genomic DNA was extracted with FastDNA® Green SPIN Kit (DNAeasy Plant Mini Kit (Wizard® Genomic DNA Promega), using FastPrep®-24 Instrument (MP Biomedicals). Both quality and concentration of the DNA were assessed by agarose gel electrophoresis and spectrophotometry. The IGS1, IGS2 and IGS3 were amplified by using primers ( Table 2) . PCR analyses were performed in a PTC-200 thermal cycler MJ Mini TM (Bio-Rad) with a heated lid in the final volume of 50 µl. The single PCR reaction mixture contained: 1x Dream Taq Buffer, 0.2 mM dNTP, 0.5 µM of each primer, 100 ng genomic DNA and 2.5 U Dream Taq™ DNA Polymerase (Fermentas). Dream Taq Buffer is specially optimized for PCR using Dream Tag Polymerase. The reaction parameters were as follows: initial denaturation for 5 min at 95°C, followed by 35 cycles 30 s at 95°C, 30 s at 62°C, and 30 s at 75°C, and a final 10 min extension at 72°C.
The molecular data were coded on a binary basis and analyzed with the molecular image Gel Doc TM XR (Bio-Rad).
Similarity index was estimated using the Dice's coefficient of genetic similarity [20] and generated by the NeighborJoining by the Free Tree [21] and TreeView programme [22] .
Results
The analysis of the amplification products revealed the presence of 1 to 6 products of different length (750bp-3250bp) ( Table 3 ). All the products were polymorphic. The majority of products were obtained for the IGS3 region (2 to 6, depending on the analyzed accession unit); the fewest products came from the IGS1 region (1 to 3). Preliminary studies have shown that when using IGS1 primers, interspecific polymorphism is clearly observable; it is characterised by the occurrence of an additional product 1900bp long in S. strictum (from Turkey). Another indication of interspecific polymorphism is that two loci 3200bp long in the IGS2 regions are found in all species of rye except S. cereale ssp. cereale (from USA and Turkey). What is more, interspecific polymorphism was lowest in amplification with IGS3 wheat primers, where an additional marker, 2220bp long, was present only in S. cereale ssp. segetale (from Azerbaijan).
In addition to the aforementioned values present only in the marker profiles of individual species, a common model for all species has been detected. Namely, when IGS1 and IGS3 primers are used, in all the studied species Table 2 . The sequence of IGS primers used, the length of this region in wheat and references two characteristic regions can be observed, 3200 and 1500 bp long, respectively. In contrast, a pair of IGS2 primers made it possible to obtain a region 3000 bp long in all the species except for S. cereale ssp. cereale (from Turkey).
Primer
Cluster analysis indicated a division of the studied species into two groups of similarity (Figure 1 ). The first group includes both wild species and weeds: S. vavilovii (from Hungary and Russia), S. strictum (from Australia Figure 1 . A dendrogram constructed from the IGS data, using Dice's coefficient of genetic and Neighbor-Joining clustering. Type and Life cycle: Wi-wild, We-weedy, A-annual, C-cultivated, P-perennial and Turkey) as well as S. strictum (from Denmark) and 4 subspecies of S. cereale, which all form a distinct subgroup. The second group includes all the cultivars, which together with S. cereale ssp. ancestrale (from Russia and Turkey) form one subgroup of similarity, and two wild species S. vavilovii (from Afghanistan) and S. strictum ssp. anatolicum (from Canada).
Discussion
Species within the genus Secale are very diverse -they include annuals, perennials, self-pollinating and crosspollinated plants with varying morphology [23] . All the species within the genus Secale are diploid with 14 chromosomes (no natural polyploid forms exist) and crossbreed easily, which results in partly fertile hybrids. Only Secale sylvestre has different characteristics and is probably the most distant species.
Because of its allogamy and its mechanism of selfincompatibility, rye is a difficult subject for genetic research, which contributes to the fact that it is one of the least genetically understood cereal species [24] .
The existing research on IGS regions, although carried out on a number of different species, such as cabbage Brassica rapa [25] and soybean Glycine max [26] , did not hold true for the IGS regions in species of rye. Most scientific reports on the IGS regions in many plants describe the phenomenon of IGS diversity in terms of their structure, particularly taking into account the number of repeat sequences, their lengths and organization as well as their functioning. The great variety of IGS regions can be found not only among distantly related species, but most importantly also among members of the same species, even in a particular population [27] . The results described in our study (100% polymorphism) also confirm these data.
In addition to the aforementioned polymorphism, characteristic of the studied accession units, there are a few clear marker products described for some species (S. strictum (from Turkey), S. cereale ssp. cereale (from USA and Turkey), S. cereale ssp. segetale (from Azerbaijan)). This might possibly indicate an upcoming speciation of these species.
An entirely different cause for varying numbers of IGS regions was proposed by Dvořák and Appels [28] . They argued that a variable number of IGS regions can be attributed to uneven crossing over between repetitive regions on a chromosome or between homologous chromosomes. Subsequent studies by Rogers and Bendich [29] describe a variable number of IGS regions as a result of changes in the number of rRNA genes occurring during the mitotic and meiotic cycle, which may vary in tissues of the same plant.
Similar result were obtained in a study by Sallares and Brown [18] where 2 to 7 products of different lengths were obtained in wheat. The products obtained in this study were longer than the corresponding products of rRNA regions in wheat described earlier. The changes in length might be caused primarily by differences in the number of subrepeats in the IGS, consistent with the findings of Carvalho et al. [30] that polymorphic products are about 3000bp long in wheat. This shows a similar organization of IGS regions in wheat and rye.
The resulting dendrogram is consistent with the study by Vences et al., [6] (isozymes). The findings are indicative of S. strictum being one of the oldest species, and that it shares a very high degree of similarity with S. cereale ssp. cereale, so much so that distinguishing populations of the two species is almost impossible. A small genetic divergence between isozymes of S. strictum and S. cereale ssp. cereale, may be explained by the fact that S. cereale ssp. cereale, might have evolved recently, or that both species may have exchanged genes in their natural zones of contact. In the present study S. strictum forms one group of similarity with three subspecies of S. cereale ssp: ancestrale, segetale, afghanicum.
The results in the present study are consistent with those obtained by Stutz [31] as a great genetic similarity between species S. vavilovii and S. strictum has been demonstrated, including them in the same group of similarity. The obtained results are also consistent with those shown in a study by Schiemann [32] who grouped the species S. cereale ssp. ancestrale and S. cereale L. into one section. The obtained results also partially agree with a study by Hammer [33] , who believes that S. vavilovii, which is an annual species, evolved with the perennial species: S. strictum ssp. africanum, S. strictum and S. strictum ssp. kuprijanovii. Another fact that supports placing S. vavilovii and S. cereale ssp. cereale in one section is that in the hybrids of the two species seven bivalents can be observed, which indicates the complete overall structural similarity between these species [34] .
The most striking feature of the resulting dendrogram is a division between rye cultivars and most subspecies of S. cereale. It may indicate big differences between weeds and cultivars within the IGS regions. The variation in size of the IGS among the species detected in this work might be the result of dissimilarity in the sequence of the repetitive elements or in their tandem repeat number [35, 36, 37] . Highly interspecific polymorphisms for rDNA IGS region suggested that the IGS might be a useful molecular marker for studies of Secale species. The results shown in this work are so far the first data of the IGS regions in rye species. 
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